The objective of the present study was to determine the possible prognostic factors which may explain the difference in the survival of patients with cystic fibrosis (CF) with and without meconium ileus. Over a period of 20 years, 127 patients with CF, whose diagnosis was confirmed by typical clinical characteristics and altered sweat chloride levels, were studied retrospectively. The patients were divided into two groups: group 1 consisted of patients who presented CF and meconium ileus (N = 9), and group 2 consisted of patients with CF without meconium ileus (N = 118). The characteristics studied were based on data obtained upon admission of the patients using a specific protocol. Demographic, clinical, nutritional and laboratory data were obtained. The genotype was determined in 106 patients by PCR. Survival was analyzed using the Kaplan-Meier method. The median follow-up period was 44 months. A statistically significant difference was observed between the groups studied regarding the following variables: age at diagnosis and weight and height z scores. The presence of meconium ileus was associated with an earlier diagnosis; these patients had greater deficits in height and weight at the time of diagnosis and at the end of the study. The estimated probability of survival for patients with CF without meconium ileus was 62 ± 14% and for those with meconium ileus 32 ± 18%. Patients with CF and meconium ileus presented a poor nutritional status at diagnosis and a lower survival rate compared to the general CF population.
Introduction
Meconium ileus is the earliest clinical manifestation of cystic fibrosis (CF), a genetically recessive lethal disorder (1) . A relation between meconium ileus and CF has been reported since the beginning of the century (2) . Meconium ileus seems to be more the result of the presence of viscous mucus in the bowel than of pancreatic insufficiency itself (3); however, it occurs almost exclusively in patients with pancreatic insufficiency (4) . In this condition, the meconium contains a high amount of protein and becomes extremely thick, causing obstruction of the terminal ileum which is responsible for approximately 20% of the cases of intestinal obstruction during the neonatal period (5) .
In the past, early mortality of CF patients was associated, in part, with elevated morbidity and low survival rates of patients with meconium ileus (6) . Mortality rates ranged from 65 to 79% in 1940 (7, 8) and the longterm survival rate was 57% in 1970 (9) . However, improvement in survival of these patients has been recently demonstrated. In 1987, Hudson and Phelan (10) reported that survival of patients with meconium ileus was the same as that observed for the general CF population. Thus, estimated patient survival after 6 months of surgical treatment rose from 33% in the 1960s to 100% in the 1980s (2) . Various factors have contributed to the higher survival rate such as earlier diagnosis, the introduction of better surgical techniques and intensive postoperative care with adequate nutritional support (11, 12) , and efficient antimicrobial therapy (13) .
Based on the improvement in the survival of patients with meconium ileus, this condition is now considered to be of minor relevance as a prognostic factor. Corey and Farewell (14) reported that meconium ileus is not a significant prognostic factor for survival. In our unit, however, patients with meconium ileus still have an increased risk of dying as compared to patients without meconium ileus. In order to determine the possible prognostic factors which may explain the difference in the survival of patients with and without meconium ileus, we conducted a retrospective study on patients admitted to the CF outpatient clinic of the Pulmonology Unit, Hospital das Clínicas, UFMG, Belo Horizonte, MG, Brazil.
Material and Methods

Patients
The sample consisted of 127 patients admitted to the Pediatric Pulmonology Unit, Cystic Fibrosis Service, Hospital das Clínicas, UFMG, between 1977 and 1997, with a diagnosis of CF confirmed by typical clinical characteristics (chronic lung and/or gastrointestinal manifestations) and who had two determinations of sweat chloride of 60 mEq/l or higher. Median follow-up was 44 months (2 to 313 months). The patients were divided into two groups. Group 1 consisted of patients with CF and meconium ileus (N = 9) and group 2 of patients with CF without meconium ileus (N = 118). Meconium ileus was defined by the lack of excretion of meconium during the first 48 h of life, associated with clinical signs of intestinal obstruction and characteristic radiological findings (15) . Group 2 consisted of CF patients with signs and symptoms of the disease such as chronic pulmonary and gastrointestinal manifestations without signs of intestinal obstruction during the first days after birth.
Informed consent for genotype determination and for the study to be performed was obtained from the parents or persons responsible and the study was approved by the Ethics Committee of UFMG.
Variables analyzed
The characteristics analyzed were based on data obtained upon admission of the patients to the unit using a specific protocol consisting of demographic (sex, color), clinical (age at diagnosis, Shwachman-Kulczycki clinical score), nutritional (birth weight, weight and height z scores upon admission) and laboratory data (sweat chloride, fecal fat, pulmonary colonization) and genotype. Continuous variables were stratified using cut-off points established in the literature; for those variables for which the cut-off point has not been established, such as age at diagnosis, the likelihood ratio test was used.
Genotype
Genetic analysis was performed using 10 ml of total blood in EDTA collected from 103 patients and their parents. In addition, a sample was obtained from the parents of three children who died during the study; thus it was possible to determine the genotype of these three children. The five most frequent mutations in the CFTR gene were analyzed: F508, G542X, G551D, R553X and N1303K. DNA was extracted by the method of Lemna et al. (16) and amplified by PCR and mutations were analyzed using specific oligonucleotide alleles or by restriction enzyme digestion and polyacrylamide gel electrophoresis.
Statistical analysis
The data bank was created with the public domain program EPI INFO (version 6) (17). The chi-square test was used to compare proportions and the Kruskal-Wallis test for comparison of median values. For nutritional factors, the weight and height z scores upon admission and at the end of the followup period were calculated using the EPINUT program included in EPI INFO. Survival was determined by limited-product estimation using the method of Kaplan-Meier and the estimate was constructed using the KMSURV program (18) . The following parameters were added to this analysis: the date of diagnosis was considered as time zero, an adverse effect was defined as the occurrence of death during follow-up, and the probability of survival was calculated for the first 12 follow-up years.
Results
A total of 127 patients with CF were followed up between 1977 and 1997. Table  1 shows the characteristics of patients with CF and meconium ileus upon admission and at the end of the follow-up period. Meconium ileus was observed in 9 children (5 boys and 4 girls), corresponding to a 7% incidence in our service. Seven patients had a non-surgical form of meconium ileus characterized by thick meconium in the terminal ileum. Clinical presentation included abdominal distention, vomiting and delay in meconium excretion. In one case, fetal intestinal obstruction was detected by prenatal ultrasound. A family history of CF was present in only one case. Two neonates presented jejunal atresia as a complication of meconium ileus.
Median patient follow-up was 36 months. The nutritional status, determined by weight and height z scores, showed undernutrition upon admission of all patients with meconium ileus. As shown in Table 1 , these children showed a lower weight z score upon admission than patients without meconium ileus. The median weight z score was -3.58 for the group with meconium ileus and -2.04 for the others (P<0.001). In contrast, the Regarding the genotype, the F508 mutation, which is considered to be a severe mutation, was identified in 5 patients. Of the 5 patients who died, 3 (60%) had used oxygen previously, whereas the 4 patients who survived showed preserved pulmonary function.
At the end of the follow-up period patients with meconium ileus weighed less and were shorter, with median z scores of -2.06 and -1.19 for weight (P = 0.02) and of -1.92 and -1.05 for height (P = 0.05) for patients with and without meconium ileus, respectively. Table 2 shows the variables analyzed in the two groups. Note that three characteristics were significantly different between groups: age at diagnosis and nutritional status (weight and height z scores).
In patients with meconium ileus (group 1) CF was diagnosed earlier than in group 2 patients (c 2 = 13.6, P = 0.001), with the median age at diagnosis being 2.1 months for group 1 and 44 months for group 2 (Kruskal-Wallis = 18, P<0.001).
No significant difference in birth weight was observed between groups (c 2 = 0.01, P = 0.63). Most of the patients of either group did not present a low birth weight. There was a statistically significant difference between groups in the distribution of weight z score upon admission at a cut-off point of -1.88 (c 2 = 4.5, P = 0.01). All patients with meconium ileus presented a weight z score lower than -1.88, and among those without meconium ileus, 67 (56.7%) showed a weight z score lower than -1.88. The same was observed for the height z score variable, with a statistically significant difference between groups (c 2 = 3.9, P = 0.03). Only one patient with meconium ileus (11%) showed a height z score equal to or higher than -1.88, whereas 59 patients (50%) without meconium ileus presented a height z score equal to or higher than -1.88. Thus, there was a statistically significant difference between groups regarding nutritional variables upon admission.
No significant difference regarding the other factors studied was observed between groups. The Shwachman-Kulczycki clinical score was obtained for 126 patients upon admission. Using a cut-off point of 70, 55% of the patients from group 1 and 62% of those from group 2 presented a clinical score above the cut-off point, corresponding to a good clinical condition.
Genetic analysis was performed on 106 patients. In the group of patients with meconium ileus, 3 were homozygous and 2 were heterozygous for the F508 mutation. Two patients died before genetic analysis could be performed; in two other patients, none of the five mutations analyzed was observed. Of the patients without meconium ileus, 14 (12%) were homozygous and 28 (24%) were heterozygous for the same mutation. In the other 57 (48%) patients without meconium ileus, none of the five mutations analyzed was detected.
During the follow-up period of the study, 20 (16%) of the 127 patients died, including 5 (25%) patients with CF and meconium ileus. Meconium ileus constituted a significant factor for predicting the risk of death. The estimated probability of survival was 62 ± 14% for patients without meconium ileus at clinical presentation, and 32 ± 18% for those with meconium ileus. Figure 1 shows the survival curve stratified by the occurrence of meconium ileus.
Discussion
The incidence of meconium ileus in pa- tients with CF ranges from 7% (19) to 20% (1), being around 10 to 15% in most series (20) . According to the Registry of the US National Cystic Fibrosis Foundation, the incidence was 16% among 17,857 patients registered (21) . In the present study, however, the incidence was 7%, a value similar to that also reported in studies from Italy and Brazil (19, 22) . These data may suggest either a lower incidence of meconium ileus in our patients with CF or a failure to identify the patients with this severe intestinal obstructive condition in the State of Minas Gerais.
Poor results in terms of survival of patients with this problem were reported between 1950 and 1970, before improvement in surgical techniques for these cases. Recent studies have shown that meconium ileus was responsible for only 1 to 2% of deaths from CF between 1979 and 1991 in the United States (23) . According to Fuchs and Langer (24) , the prognosis for patients with CF and meconium ileus is similar to that reported for the general CF population. Our data show that, in spite of the low incidence of meconium ileus in our unit, this condition was responsible for 25% of deaths occurring during the study.
Some studies determined possible factors associated with meconium ileus, which may explain the difference in the survival of patients with and without this condition. Other studies demonstrated that children with meconium ileus generally present a lower birth weight than those without meconium ileus (20) ; however, Holsclaw et al. (25) observed that children with CF and meconium ileus have a higher birth weight than those without meconium ileus. This finding was not confirmed by our study; no statistically significant difference was observed between groups regarding this variable. The increased death risk for patients with meconium ileus observed in the present study may be related to poor nutritional status. As shown in Table 1 , patients presenting with meconium ileus showed a higher deficit in both weight and height at diagnosis and at the end of follow-up. This long-term repercussion on nutritional status was not observed by other authors (2, 20) .
The association between genotype and meconium ileus in CF is uncertain. Usually, meconium ileus only occurs in patients with pancreatic insufficiency, and even among these patients it is only observed in 15% of cases (26) . Some authors suggest that this condition occurs in patients carrying severe mutations (4, 27) ; however, this situation is not always observed (28) . In the present study, of the 9 patients with meconium ileus, 5 presented the F508 mutation which is considered to be severe.
Several authors have reported an increase in survival of CF patients and meconium ileus in the last decades (9, 29) . The death of patients with this intestinal obstructive condition was attributed to a generalized infection following prolonged hospitalization, due to extensive intestinal resection and consequent malabsorption and undernutrition (30) . The improved outcome in patients with meconium ileus was attributed to the better surgical techniques employed and immediate postoperative care (31) . A recent study showed that the main cause of morbidity and mortality in these children are pulmonary complications of CF (24) . This finding is consistent with other studies showing that early diagnosis of CF improves the short-term prognosis but does not affect progression of the deterioration of the pulmonary condition in the long term (10, 32) . It is important to note that, in our study, the mean age of survival was 9 years for patients without meconium ileus, and 3.2 years for patients with meconium ileus. In other words, patients with this condition have a proportionally lower survival rate and die at a younger age. Therefore, in our unit there seems to be a combination of factors contributing to a worse prognosis. The persistence of the compromised nutritional status and the early deterioration of the pulmonary condition, demonstrated by the fact that 3 children received oxygen therapy before death, may act in a synergistic way to reduce survival.
We should also mention the delay in the diagnosis of CF in patients with meconium ileus referred to our unit. In the present study, the mean age at diagnosis of children with meconium ileus was 3.6 months, an age much higher than that at other centers. Of the 37 patients with meconium ileus followed up by Kraemer et al. (33) , all were diagnosed during the first days of life. This calls attention to the fact that the diagnosis of meconium ileus is being made late in the State of Minas Gerais, given that it is an important cause of intestinal obstruction which might be still detected in utero by ultrasound of the pregnant mother. Unfortunately, most of these patients were born in hospitals without neonatal intensive care units or other facilities like parenteral nutritional therapy. Besides, the patients were referred later to our unit and this fact probably affected negatively their clinical condition. Several authors have shown that early diagnosis prevents the serious respiratory complications responsible for the early death of these patients. Therefore, although most of our patients presented an uncomplicated form of meconium ileus, at diagnosis they were already affected and presented a seriously compromised nutritional status.
Thus, we believe that the survival of children admitted to our unit may be improved by the participation of a multidisciplinary group, including neonatologists and pediatric surgeons, which could provide early diagnosis and adequate treatment for this condition within a reasonable period of time.
